bryophytes) can increase infiltration and soil water content in fine-grained soils, reduce infiltration, and generate runoff in sandy soils. The biological crust forms a humus fine-grained "umbrella" over the coarser material, resulting in the anisotropy of unsaturated hydraulic conductivity (YEH et al. 1985) and leading an excess of water horizontally to the trees or shrubs, locally increasing the water input to plants. Vegetation and soil animals can also produce the amphiphilic organic compounds (occurring in e.g. root, fungal hyphae, and animal exudates, waxes from plant leaves or needles, as well as decomposing organic matter), which coat soil particles with films that considerably alter the surface properties (CZARNES et al. 2000) . These compounds are hydrophilic when wet, but below the critical moisture threshold, their hydrophilic ends bond strongly with one another and the soil particles, while hydrophobic ends are oriented towards the free space (air) inducing water repellency (DOERR et al. 2000) .
Soil water repellency (hydrophobicity) influences the water transport and retention in soil, plant growth, surface runoff, and soil erosion (DOERR et al. 2000) . It can be alleviated by cultural practices such as core aeration followed by sand topdressing and the application of a wetting agent (MITRA et al. 2006) , claying with kaolinite clays (MCKIS-SOCK et al. 2002; LICHNER et al. 2006) , liming (to enhance pH), and inoculation with wax-degrading bacteria Rhodococcus sp. and Roseomonas sp. (ROPER 2006) . Water repellency (WR) tends to be both spatially and temporally highly variable. It often disappears after prolonged wet periods, but will usually re-emerge during drier periods when the soil moisture falls below the critical threshold (DEKKER et al. 2001) .
The objective of this study was to assess the impact of vegetation on the hydraulic conductivity of sandy soil at the locality Mláky II at Sekule (southwest Slovakia) during hot and dry spells with well-pronounced water repellency.
MATERIAL AND METHODS
Field experiments were conducted at Mláky II near Sekule in the Borská nížina lowland (southwest Slovakia) where sand dunes with surface eolian sand occur on about 570 km 2 (KALIVODOVÁ et al. 2002) . The elevation of the locality studied is 150 m a.s.l., the average annual air temperature is 9°C, and the annual precipitation total 500-600 mm. The measurements were taken on the surfaces of a meadow (Meadow site), a 30-year old Scots pine (Pinus sylvestris) forest ("Forest" site), and a glade (Glade site). In the glade, the measurements were also taken in the depth of 50 cm to reduce the influence of vegetation on the soil properties (Pure sand). The soil was a Regosol formed from windblown sand (WRB 1994) and had a sandy texture (Soil Survey Division Staff 1993) . The thickness of the A horizon depended on the vegetation cover and was about 15 cm at the Meadow site and about 1 cm at the Forest site. The poorly developed A horizon at the Glade site had a patchy pattern, with the thickness of less than 1 cm below vegetation. Some areas at this site revealed exposed bare soil without A horizon. At all the sites, a wettable C horizon extended to the depth of about 2 m, where the groundwater (LICHNER et al. 2005 (LICHNER et al. , 2007 . The nomenclature was used according to NYHOLM (1965 NYHOLM ( , 1969 , DOSTÁL (1991 DOSTÁL ( , 1992 , and MARHOLD and HINDÁK (1998) for the plant determination, and TOMILIN (1979) , DOMSCH et al. (1980) and SAMSON et al. (1981) for the fungi determination.
The hot and dry spells were determined on the basis of the daily temperature maximums and daily precipitation amounts as measured at the meteorological station of the Slovak Hydrometeorological Institute in Moravský Svätý Ján at a distance of about 5 km from the locality studied (Table 2) The soil water content θ was estimated by the gravimetric method, with the mass of the soil sample taken before and after drying at 50°C (KU-TILEK & NIELSEN 1994) .
The persistence of WR was measured by means of the water drop penetration time (WDPT) test. Three drops of distilled water from a medicinal dropper were placed onto the soil surface and the actual time t p required for infiltration was recorded. The volume of water in a droplet was 58 ± 5 µl. A standard droplet release height of approximately 10 mm over the soil surface was used to minimise the cratering effect on the soil surface (DOERR 1998). The following classes of the persistence of WR were distinguished: wettable or non-water-repellent soil (the water drop penetration time t p < 5 s); slightly (t p = 5-60 s), strongly (t p = 60-600 s), severely (t p = 600-3600 s), and extremely (t p > 3600 s) water repellent soil (DEKKER et al. 2001) .
Infiltration was performed both with a small positive pressure head h 0 = +2 cm with a doublering infiltrometre and with the negative pressure head h 0 = -2 cm with the mini disc infiltrometer of Decagon Devices, Inc. The double-ring infiltrometer has the inner-ring diameter of 24.5 cm, the buffer ring the diameter of 34.5 cm, and the length of 23.5 cm. Total length of the mini disc infiltrometer is 32.7 cm, the sintered stainless steel disc has a diameter of 4.5 cm and thickness of 3 mm, the suction range is from -0.5 to -6 cm, and the volume of water (ethanol) required to operate is 135 ml. The diagram of the mini disc infiltrometer together with its detailed description can be found in the Minidisk Infiltrometer User´s Manual (Decagon 2005) or at http://www. decagon.com/manuals/infiltman.pdf.
The cumulative infiltration I, numerically equal to the volume of water infiltrating through an individual area of soil in the unit of time, can be calculated from the Philip infiltration equation (PHILIP 1957) :
where:
ZHANG (1997) proposed to estimate the sorptivity S(h 0 ) and unsaturated hydraulic conductivity k(h 0 ) at suction h 0 ≤ 0 from:
where: C 1 (h 0 ) and C 2 (h 0 ) -functions of the soil water content θ and suction h 0 .
The sorptivity S(h 0 ) and unsaturated hydraulic conductivity k(h 0 ) at suction h 0 ≤ 0 can be calculated from (ZHANG 1997) :
and
where: A 1 and A 2 -constants.
In this study, Eq. (4) was used to estimate the unsaturated hydraulic conductivity k r (-2 cm) reduced due to soil water repellency, using A 2 = 2.4 for sandy soil and suction h 0 = -2 cm from Table 2 in the Minidisk Infiltrometer User's Manual (Decagon 2005 ).
More information on the method of estimating the hydraulic conductivity can be found at http://www. decagon.com/manuals/infiltman.pdf.
The first two and three terms of the Philip infiltration equation (1) can be used to estimate the saturated hydraulic conductivity K s . The first two terms are applicable to relatively short times as follows:
with m = 0.667 being the most frequently used value (KUTILEK & NIELSEN 1994) . KUTÍLEK and KREJČA (1987) proposed to use three terms of the Philip infiltration equation:
is the estimate of saturated hydraulic conductivity K s . Eq. (5) and (7) were used to estimate the saturated hydraulic conductivity K s in this study. The share of flux through the pores with radii r more than approximately 0.5 mm (macropores) called bypassing ratio B r , was calculated from:
where K s calculated from Eq. (5) was used. The pore radius r fit the equation:
where: σ -surface tension of water, α -contact angle between the water and the pore wall, ρ -density of water, g -acceleration due to gravity, h 0 = -2 cm -suction in mini disc infiltrometer (WATSON & LUXMOORE 1986 ).
The contact angle α was set to about 45° in accordance with the findings by CZACHOR (2006). It should be mentioned that the bypassing ratio B r can be considered as a rough estimate only, owing to different areas treated with infiltrometers (the inner-ring diameter of the double-ring infiltrometer was 24.5 cm, and the diameter of the disc of mini disc infiltrometer was 4.5 cm). It is well known that the results of hydraulic conductivity measured with the mini disc infiltrometer depend on the disc diameter (WANG et al. 1998) , and the results of saturated hydraulic conductivity double-ring infiltrometer depend on the inner-ring diameter (MALLANTS et al. 1997) owing to the heterogeneity of field soils (KUTILEK & NIELSEN 1994) .
It should be mentioned that both grass and moss covers (but not the soil) were removed prior to the measurements. This has the disadvantage that the changes in infiltration can only be ascribed to a combination of the removal of the plant cover and the disturbance of the soil surface (ELDRIDGE 2003) .
RESULTS AND DISCUSSION
The results of θ, t p , k r (-2 cm), K s (from both Eq. (5) and Eq. (7)) and B r , obtained at the locality Mláky II at Sekule (southwest Slovakia) in hot and dry spells with well-propagated soil water repellency ( Table 3 . There was a greater variability of the soil hydraulic properties (coefficient of variation > 15%), which is typical given the heterogeneity of soil (KUTILEK & NIELSEN 1994) and corresponds to other studies in this region (e.g. ŠÚTOR 1986). It was found that the unsaturated hydraulic conductivity k r (-2 cm) as reduced due to soil water repellency increased in the same order: Forest soil < Glade soil ≈ Meadow soil < Pure sand as decreased the water drop penetration time t p : Forest soil > Glade soil ≈ Meadow soil > Pure sand, which could refer to an inverse proportionality between the capillary suction and hydrophobic coating of the soil particles. Much lower values of k r (-2 cm) measured at the Forest site (in comparison with the Meadow and Glade sites) could be the result of waxes eroded from pine needles which have been shown to have a large influence on water repellency. These findings are in accordance with those by BUCZKO et al. (2002) in the investigated forest site Kahlenberg containing populations of Pinus sylvestris and Fagus sylvatica where the WDPT test revealed a significant proportion of severely and extremely hydrophobic samples in the upper 10 cm of sandy luvisols in all plots, whereas the persistence of repellency decreased with the increasing soil depth. The thickness of the humic topsoil in Kahlenberg (3.5-8.5 cm) was higher than that in our Forest site as a result of the higher age of trees (76-114 years in the case of Pinus sylvestris).
It should be mentioned that the values of t p , k r (-2 cm), as well as sorptivity and index of water repellency, measured in the studied locality in dry spells, were significantly different from those measured in wet spells with different initial soil water contents (LICHNER et al. 2007) .
The saturated hydraulic conductivity K s increased in the order as follows: Meadow soil < Glade soil ≈ Forest soil < Pure sand. More than two-times higher K s at both the Forest and Glade sites than that at the Meadow site could be the result of both the patchy growth of vegetation with some areas of bare soil at the Glade site, and macropores (dead roots) in more homogeneous humic top-layer at the Forest site. It should be mentioned that K s calculated from Eq. (7) Figure 1 . The impact of water repellency on the shape of v vs. t relationship is more pronounced for the latter date with lower persistence of WR (at the beginning of hot and dry spell). An uncommon rise in the saturated infiltration rate after about 30 minutes could be the consequence of the breakdown of hydrophobicity in the studied soil, in conformity with the interpretation of a similar time course of the unsaturated infiltration rate at the pressure head h 0 = -40 mm observed by CLOTHIER et al. (2000) .
CONCLUSION
It can be stated that soil biota and terrestrial plants can change the physical properties of soils through both the hydrophobic coating of the soil particles and the surface-vented macropores. The unsaturated hydraulic conductivity seems to be strongly influenced by the hydrophobic coating due to different plant coverage, which corresponds to the results of WDPT tests. On the other hand, the surface-vented macropores lead the majority of water from ponding (i.e. under the conditions similar to a heavy rain event), as indicated by high values of the share of flux through the pores with radii longer than approximately 0.5 mm. A further study is proposed to make evidence of these statements and to find the direct quantita- (7) tive link between the variability in the parameters assessed and physical changes of soil due to different canopy activities.
